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FOREWORD 


This appendix should be included in TMB Report 717 for the 
purpose of clarifying the definition of symbols. It is an unclassified 
reprint of Appendix 1, TMB Report C-122, June 1948. 
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APPENDIX 1 


THE CONFIGURATION AND TENSION OF A LIGHT FLEXIBLE 
CABLE IN A UNIFORM STREAM 


The problem of determining the shape and tension of a light flexi- 

ble round cable in a uniform stream was treated in a previous report (4). 
The same problem is treated here, but a modified law due to Reber (5) for 
the hydrodynamic force acting on an element of cable is assumed. The weight 
of the cable is neglected. The quadratures that arise in the solution of the 
differential equations that describe the cable configuration and tension 
thereby become explicitly integrable, so that the configuration and tension 
can be expressed by functions that have been tabulated. Consequently the 
results are easy to apply to problems involving cables whose parameters dif- 
fer from those of a round cable, provided, of course, that the same law of 
force holds. In particular, the method can be applied to problems that in- 

volve faired cables. 

The hydrodynamic force acting on an element of cable is assumed to 
lie in the plane containing the direction of the stream and the direction of 
the element of cable and is assumed to depend only on the angle between these 
directions. Consequently the entire configuration of the cable lies ina 
plane. 

The following law of force is assumed; see Figure 16. The hydro- 
dynamic force acting on an element of cable is considered to consist of two 
parts: 


1. <A profile drag that acts normal to the cable and varies as the 
square of the sine of the angle that the element makes with the stream. 


2. A frictional drag that acts in line with the stream and has a mag- 
nitude that is independent of the angle that the element makes with the 
stream. 


Choose a point O on the cable as origin of a rectangular coordinate 
system; see Figure 1/7. In general, the angle to the stream and the tension 
in the cable at this point will be known. The X-direction is taken as the 
direction of motion of the cable. The Y-direction is taken as positive to- 
ward that side of the x-axis wnich is reached by proceeding along the cable 
upstream from the origin, O. An arbitrarily chosen point P on the cable is 
thus assigned coordinates 2, y. 

When the cable forms a loop and the origin of the coordinate system 
is chosen as the point where the cable is normal to the stream, any movement 


Element of Cabl 


Direction of Motion 


Figure 16 - Resolution of Hydrodynamic Force Acting 
upon an Element of Cable 


along the cable from the origin O would lead upstream. In this case the 
positive direction of Y may be chosen arbitrarily. 

The aistance along the cable from the origin O to the arbitrarily 
chosen point P on the cable is denoted by s. Distances along the cable to 
points that are reached by proceeding from the origin O in the direction of 
increasing Y are measured in a positive sense, whereas distances along the 
cable from the origin O to points that are reached by proceeding from the 
origin O in the direction of decreasing Y are measured in a negative sense. 

The angle of the cable to the stream at the arbitrarily chosen 
point P is denoted by @ and is measured from the positive X-direction to the 
positive direction of the tangent at the point P. The positive direction of 
tne tangent to the cable at P is determined by the direction of increasing s. 
The angle of the cable to the stream at the origin O is denoted by @o. 

The tension in the cable at the arbitrarily chosen point P and at 
the origin O are denoted by T and Ty, respectively. 


(3s) 


Rsin?g+ Fsin o ds 
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Figure 1/ - Coordinate System 


Figure 1/ shows the forces acting on a cable element at a point P. 
The element ds of the cable at the point P is in equilibrium under the action 
of the hydrodynamic forces and the tensions in the cable, 7 + dT and T, which 
act respectively at the forward and after ends of the element of the cable. 
By resolving forces, first tangent to and second normal to the cable, we 
arrive at the following differential equations: 


dT = Feos¢ds [1] 


Tdd = (-Rsin*¢ — Fsindg) ds [2] 


where F' is the drag per unit length of the faired cable when the cable is 
parallel to the stream, and 


Ris the form drag per unit length of the faired cable when the cable 
is normal to the stream;and 180 deg >¢> 0. 


From the geometry shown in Figure 17 


dx = cosdds ea 


dy = sing ds [4] 


Equations [1], [2], [3], and [4] taken together completely define 
the tension and configuration of the cable when the end concitions T, and ¢, 
are known. 

Equation [1] is immediately integrable to 


T= Ty + Fx [5] 
Eliminating ds from Equations [1] and [2] and substituting f for 
Ewe obtain 
dT _ _—~fcos¢d¢ SISO COR 
T sin?g + fsing ce Pp EIO [6] 


which integrates to give 


1 + fescd ae 
T= ioe C 
1) fiesegy To ony ap 
Substituting this value of T into Equation [2] 


Ridsy _ —(1 + fesed)d¢d _ ese? ddd 
I (1 + f cscg,)(sin?d + fsing) — 1 + fesed, [8] 


This integrates to give 


Rs _ cotd — cotdy 
T. 9 se Pee, [9] 


From Equations [8] and [3] we obtain 


Rdx _ —cscd cotddd (10] 


I 1 + fcscdo 


which gives upon integration 


Re _ csch — cscho 
A SM ap PERE [11] 


From Equations [8] and [4] we obtain 


Rdy _ —esceg dd 
i 1 + fesedy [12] 
which gives upon integration 
: cot p/2 
Jey) cot $o/2 [13] 


i le nnesciay 


A useful form of this relation is found by solving for functions of 
@. Thus: 


Ry %o 
—— (ee ee Inicot—= 
cot $ =e 1) Lae eae [14] 


and applying trigonometric identities gives 


cot S =P tan$ R b 
CONG aren naa cosh] Gees fescg,) + In cot | [15] 
2 a 2 
g g 
cot — tan 9 
GO 3 SSeS 


[16] 


sinh| 24 (4 + fesed,) + Incot So 
0 2 


We may now easily obtain formulas for T, s, and x in terms of y and 
the end conditions Ty) and ¢) at the origin O. From Equations [7] and [15] 


T,(1 + feosh| 24(a + feseg) + In cot $2) “aan 
Pl ene SON Pe ae ee Oe tenons es Sa ae 
I + f esc'g 


—— 


From Equations [9] and [16] 


T Nee + fesed,) + In cot So = | 
=) 0. 
R 


[18] 
1 + fescdy 
and from Equations [11] and [15] 
Ry sal = 
ee it, cosh { (1 + fesego) + Incot 9 esc by [19] 
IR, 1+ fesc@, 


We may also express T, x, and y in terms of s and the end condi- 
tions, by solving Equation [9] for functions of ¢. These relations are: 


Rs 1} 
T 2 aS 
ea sft os fl oe a + fesego) T, + cot ¢y| 


[20] 
1 + f csc dy 


AL 
45 la + Peseey qr cota] — ese by 
To i (20) 
R a CSCIOn 


. oi 
r, {1 ate ‘a se fesed) = + cot dy \ ae {a + f ese ba + cot ooh 
= oO) ah OR ee 0 eee 
R(1 + fese go) » 


cot Po 


2 


[22 j 
Similarly solving Equation [11] for functions of ¢ we obtain the 


following formulas for T, s, and y. 


Y= 


1+ fa + fese dame oP ese bo) 
isle o = 


Re 
1 + fesedo Tt s (al [25] 
; 2 i 
{a + PC) ee + ese bo| - i} — cotdo 
p= Dy [24] 
R 1+ fesce do 
1 
‘ i 
r {{o “F Gece + ese by| x iS + (1 + feseds) + ese, 
a In ui 
R(1 + fese do) ane Po 
: [25] 


Thus when the cable parameters F and R and complete conditions are 


given at any one point, complete conditions can be found at once for any other 
point at which one value is known. 


Usually these points are the downstream 
and upstream ends of the cable respectively. 


Greater difficulty is presented by problems which do not specify all 


the cable parameters or complete conditions at any one point. These problems 
can be treated by the methods described in Reference (4). 


If we define 


Tg eel CSC) 


[26] 

o = cot d [27] 

B= essey = il [28] 
Ao nen & 


9 [29] 


and let T), 49, € 9, and mM) be the values of these functions for ¢ = ¢» then 
from Equations [7], [9], [11], and [13] 


[30] 


LES SG Gi 

it, To [31] 
Jie ES als 

ig To [52] 
Ry _ 7 = % 

ie ay mien [33] 


and it is seen that these functions take the place of the tabulated functions 
of Reference (4). 
The functions o, &, and yn represent the cable configuration reduced 


to nondimensional form. It is interesting to note that the nondimensional 


configuration as given by Equations [27], [28], and [29] is that of a cate- 
nary and is independent of the frictional drag, F’. 


NAVY-DPPO PRNC, WASH. D.C 


ei 
Lon 


eure 


oe 


Bek 


Lats 
ae 


ete up 


uu 4 


Wiech 


oT 


x By 


\ 


